I have selected this subject for my Address for the -following reasons: (1) Tumours of the upper jaw and nasal chambers are not very common and opportunities of gaining any considerable experience in their treatment are somewhat limited.
(2) They provide many as yet unsolved treatment problems for both the surgeon and the radiotherapist.
(3) They are excellent examples of tumours occurring in the region of the head and neck where the fate of the patient depends on full co-operation between surgeon and radiotherapist.
Unfortunately it is essential to define the term 'upper jaw' since it is not described under this heading in standard anatomical texts. From a descriptive point of view the upper jaw is not synonymous with the anatomical superior maxilla: nor is it equivalent to the part of the facial skeleton removed by the operation of maxillectomy. The upper jaw in its widest interpretation can be used to embrace all the structures forming and connected with each half of the fixed part of the facial skeleton.
As thus defined the upper jaw is made up of facial and cranial components. The facial component is formed by 13 bones, of which the vomer is single and central, the remainder being paired and symmetrically situated on either side of the midline. The bones concerned are: (1) The superior maxilla, which is the largest and most important and provides the basis of individual physiognomy, with the following bones grouped around it: (2) Malar. (3) Lacrimal. (4) Nasal. (5) Inferior turbinate. (6) Palatine.
The cranial component of the upper jaw is formed by the frontal, ethmoid and sphenoid bones where they are related and joined to the facial bones. The detachment en bloc of the removable facial bones from their irremovable cranial neighbours forms the basis of the operation of superior maxillectomy.
There are two important relations of the upper jaw which have considerable bearing on the natural history and symptomatology of its tumours and at the same time provide major problems in treatment. These are: (1) The special sense organs. (2) The nasal chambers and their sinus outgrowths.
(1) The special senses concerned are vision, smell and taste and, more remotely, hearing. The therapeutic problems they impose have been discussed in detail elsewhere (Lederman 1961) .
(2) Classically the nasal chambers or passages comprise the external nose and the nasal fossw and their sinus outgrowths; for reasons to be given, an additional third nasal chamber should be recognized, namely the nasopharynx, although this is not part of the upper jaw. The external nose is an appendage closing in the anterior choanal openings of the nasal fosse; its chief functions are to protect the nasal fossa against direct trauma and the entry of foreign substances. A most important function of the upper jaw is to house the nasal passages which are centrally situated, lying between the orbits and above the buccal cavity. The nasal passages serve a double functionolfaction and respiration. Only a minor part of the nasal passages is concerned with olfaction, the major part is related to respiration, helping to filter, moisten and warm the air entering the respiratory tract, i.e. to act as an air conditioner. In so far as its tumours are concerned, it is convenient to include under the term nasal fossa those tumours arising from the mucous membranes lining (a) the external nose, i.e. the nasal vestibule and anterior part of the septum, (b) the nasal fossa proper, i.e. septum, floor and lateral wall, including the inferior turbinate, and (c) the olfactory mucous membrane lining the roof. 66 Proc. roy. Soc. Med. Volume 62 January 1969
Although tumours of the paranasal sinuses will inevitably involve the nasal fossa if allowed to grow unchecked, their frequency and importance justify their separate study.
The paranasal sinuses (Flottes et a!. 1960 , Negus 1958 : These are eight in number, made up of four pairs disposed on either side of the midline and related to the nasal fossae with which they communicate either by canals or simple orifices or ostia. These are ethmoidal, sphenoidal, frontal and maxillary sinuses.
The maxillary sinuses are the most constant and least variable, while the ethmoid is better termed the ethmoidal labyrinth rather than sinus because of the great variation in the disposition and relation of its contained air cells. The frontal and sphenoidal sinuses are nearly always asymmetrical and subject to great variation in pneumatization. The ethmoid is, however, the keystone upon which the paranasal sinus system in man is built; moreover it can at the same time be regarded asasupporting framework for the Schneiderian membrane by which it is completely enveloped and invaded in all its complexity.
The ethmoidal labyrinth is always completely pneumatized and each of the remaining sinuses has some ethmoidal connexion although in the case of the sphenoidal sinuses these have been largely lost. The sinus system would logically therefore appear to be a single system both anatomically and physiologically. This unity of the sinus system is reflected in the behaviour of its tumours which can without difficulty extend from the sinus of origin to neighbouring sinuses. With some tumours, particularly the tumours of lymphoid tissue, the whole sinus system and the nasal fossa may be simultaneously or consecutively involved.
For purposes of descriptive anatomy and tumour classification, it is customary to regard the nasopharynx as part of the pharynx, i.e. digestive tract, rather than part of the respiratory tract. However, Wood Jones (1940) in a masterly paper on the nature of the soft palate, argues the need to separate the nasopharynx from the remainder of the pharynx. He points out that no part of the nasal chamber can form any part of the true pharynx since in all animals they are separated by the palate which forms the roof of the mouth and true pharynx. He regards the typical mammalian soft palate as the upward continuation of the dorsal pharyngeal wall perforated by the nasopharyngeal aperture. In man the nasopharyngeal aperture is enlarged and the larynx is no longer intranarial and so ceases to maintain its primitive relationship to it; none the less the primitive dorsal pharyngeal wall embracing the aperture can still be identified, being formed by the posterior margin of the soft palate anteriorly, the posterior pillars laterally and Passavant's ridge posteriorly. The paper leaves little doubt of the correctness of Wood Jones's case for regarding the nasopharynx as a third nasal chamber. If this be accepted, then there are three nasal chambers: an anterior formed by the external nose; a middle chamber formed by the nasal fossm; and a posterior chamber formed by the nasopharynx.
The nasopharynx or postnasal chamber possesses two special features: (1) It contains in its walls a large amount of lymphoid tissue, quite apart from the nasopharyngeal tonsil which forms part of Waldeyer's ring. Whatever the function of Waldeyer's ring, the lymphoid tissue in the nasopharynx seems to bear a similar topographical relationship to the middle nasal chamber as the palatine and lingual tonsils bear to the buccal cavity. (2) Unlike the anterior choanx, which are simple communicating openings between the anterior and middle nasal chambers, lacking depth, the posterior choanx connecting the middle and posterior nasal chambers are infundibular or funnel-shaped in their lateral portions, so forming communicating channels rather than simple openings (Terracol & Ardouin 1965) . It is in relation to the lateral walls of these posterior channels that choanal atresia may develop and antrochoanal polypi present. It is also in these regions that cancer arising in the nasal chambers most easily breaches the barrier between the nasal passages and the orbit, thus ultimately producing ocular displacement. The radiotherapist's natural desire not to irradiate the orbit and its contents if it can be avoided often results in underdosage of the posterior choanx with the consequence that recurrence takes place in this region, usually when the primary site is the nasopharyngeal roof. Such recurrence is heralded by nasal obstruction and epistaxis, as opposed to the deafness and pain that is associated with a recurrence in the fossa of Rosenmuller.
Classification
In classifying tumours of the upper jaw one must clearly concentrate mainly on the middle nasal chamber or nasal fossa and its sinus outgrowths. Tumours of the postnasal chamber with its special problems require separate classification; equally, tumours of the cutaneous covering of the external nose may be excluded, but tumours arising from the most anterior portion of the septum and nasal vestibule should be included.
Section ofRadiology
There is no generally accepted classification for tumours of the nasal fossa or paranasal sinuses. There are, however, two old-established and valuable classifications which have received sporadic notice and use, chiefly in their countries of origin.
The oldest classification, generally attributed to Sebileau (1906) and used mainly by the French, divides the maxilla and its immediate connexions into three stages: the suprastructure, the mesostructure and the infrastructure. The division is achieved by drawing two parallel lines across a frontal section of the skullone line passing through the floor of the orbits and the other through the floor of the antra. The infrastructure thus comprises the alveolar process, the mesostructure the respiratory portion of the nasal cavity and the maxillary sinuses, and the suprastructure the ethmoid, sphenoid and frontal sinuses and the olfactory part of the nasal fossa.
A later classification was elaborated by Ohngren (1933) of Stockholm, and although widely quoted is not widely used; it divides the facial skeleton as seen in a profile section into two parts by a line drawn from the inner canthus to the mandibular angle; the two parts are termed postero-superior and antero-inferior.
Each of these divisions is further subdivided into medial and lateral portions by a vertical linet passing through the centre of the orbit as seen on frontal section. Four localizations are thus recognized: postero-superior, medial and lateral, comprising the postero-superior part of the antrum and the ethmoid; and antero-inferior, medial and lateral, comprising the anteroinferior part of the antrum and the adjacent nasal fossa.
Both classifications as originally devised were really concerned with the topographical classification of tumours of the maxillo-ethmoidal region, although Ohngren in addition tried to extend his classification to include tumour 'malignancy'; in fact his lateral dividing line was called the plane of malignancyall tumours postero-superior to the plane were rightly regarded as having a much worse prognosis than those arising anteroinferiorly to the plane. Although the terms malignancy and prognosis were used in a somewhat confused fashion, the observation was basically correct. Ohngren unfortunately rendered his classification almost incomprehensible and certainly unusable by linking the topographic subdivisions of the upper jaw with the histological degree of malignancy of the tumour and the probability of metastases. Ohngren's classification is a useful if rough guide to operability and prognosis but in my view does not satisfy the requirements of a modern classification. These requirements have been described in detail elsewhere (Lederman 1967). In contrast, the Sebileau classification has the merit of relative simplicity and can be used as a basis for a system of classification and staging such as would satisfy the requirements of the tumour-nodes-metastases system as advocated by the Unio Internationalis Contra Cancrum.
Suggested Classification (Fig 1) Using a frontal section of the facial skeleton, the two horizontal lines used by Sebileau are supplemented by two vertical lines extending vertically down from the medial orbital wall on each side to the floor of the nose. The vertical lines help separate the ethmoid and nasal fossa from the maxillary sinus, and the nasal septum separates the ethmoid and nasal fossa into right and left sides.
(1) The infrastructure or buccal part of the upper jaw is really outside the nasal and sinus cavities. Tumours arising from this part usually have their origin in the alveolar ridge, hard palate or structures connected with the teeth. It is possible for tumours to arise in the antral floor or floor of the nose and invade the buccal cavity. With destructive tumours of this region associated with fistulous openings into the nose or antrum there can be no certainty as to their true point of origin and such tumours may legitimately be regarded as arising from the infrastructure of the upper jaw.
(2) The mesostructure or nasal portion of the upper jaw includes the maxillary sinus, the respiratory part of the nasal fossa including the in-68 Proc. roy. Soc. Med. Volume 62 Januaryl1969 ferior turbinate, the whole of the nasal septum and the vestibule of the external nose. The bones entering into the mesostructure are only dense posteriorly where related to the pterygopalatine fossa and laterally where related to the malar bone. Anteromedially in relation to the nasal fossa, the canine fossa, and the orbits, the bone is extremely thin and presents an ineffective barrier to the spread of cancer; it is in this part of the mesostructure that the antrum, ethmoid and nasal cavities border on one another and, because they are separated by extremely thin bony lamellk, the tumours arising in this region spread rapidly and render the determination of their precise point of origin difficult.
The nasal cavities extend further back than the superior maxilla and tumours of the nasal fossa may extend back to involve the nasopharynx and occasionally the base of the skull. Antral tumours may also penetrate posteriorly and invade the pterygoid region.
(3) The suprastructure or cranial part of the upper jaw lies between the orbits and is largely made up of the ethmoid and its turbinates and the olfactory part of the nasal fossa. Because of their situation the lamina cribosa, the medial orbital wall and the air cells in the maxillo-ethmoidal region offer little resistance to the spread of cancer.
The frontal and sphenoidal sinuses can be included for classification purposes in the suprastructure: both are rare sites for tumour formation. Cancer of the frontal sinus presents few diagnostic problems; in contrast, cancer of the sphenoidal sinus is diagnosed with difficulty, usually presenting as a posterior ethmoidal or spheno-ethmoidal tumour, or as a nasopharyngeal tumour. Spheno-ethmoidal tumours without nasopharyngeal involvement can be included in the suprastructure; but a case can be made out for including sphenoidal tumours with nasopharyngeal involvement among the primary nasopharyngeal neoplasms. Primary tumour (T): Using the basic plan, three degrees of T can be recognized:
Ti: Tumour limited to one sinus or a tissue of origin, e.g. turbinate or septum or nasal vestibule T2: Spread limited horizontally to the same region or two adjacent but vertically related regions T3: (a) Tumour involving three regions (with or without involvement of orbit). (b) Tumour extending beyond upper jaw, e.g. nasopharynx, cranial cavity, pterygopalatine fossa, skin or buccal cavity There was only one case in this series where the tumour was restricted to three regions alone: in all other cases involvement of the three regions was associated with spread beyond the confines of the upper jaw. By contrast it is not uncommon to find spread beyond the jaw associated with a primary tumour otherwise limited to one or two regions. Because of its rarity, T3(a) does not merit a separate category and all advanced cases should therefore be allocated to T3, there being no real need for a T4 category. The following tables illustrate the use of this system of classification: Table 1 shows the frequency with which the different regions are affected both separately and together. No lesion arising on the central or nasal aspect of the infrastructure was seen at a stage early enough to be limited to its region of origin. In all cases spread to the mesostructure had occurred. A pure infrastructure lesion could only be provided by an early lesion arising in the buccal aspect of this region, i.e. the hard palate and upper alveolus or a dental tumour.
Two hundred and seventy-three of the 610 previously untreated patients showed involvement of both supra-and meso-structures, thus showing the gravity of the therapeutic problem presented at the outset. Tables 2-4 show how the classification applies to the previously untreated cancers arising in the individual sites commonly affected. The poor quality of the antral and ethmoidal material is in contrast with the nasal fossa material, a fact which demands the separation of the tumours of the nasal fossa from those of the antrum and ethmoid when assessing and reporting results of treatment.
Principles of Treatment
Histological confirmation of the diagnosis should be obtained prior to treatment in all cases. Pathological tissue if presenting in the nose or mouth should be biopsied with the minimum of disturbance of the affected sinus. When such tissue is not thus conveniently available, exploration of the diseased sinus should be undertaken for the purpose of biopsy and drainage.
As far as the surgeon is concerned the majority of patients come at a stage when radical surgery is scarcely feasible. There are also severe limitations to the scope of surgery in the sense that whereas the facial components of the upper jaw can be removed, the cranial components of the jaw, i.e. the ethmoid and sphenoid, are incapable of total surgical removal. Radiotherapy also has its problems. If the whole suprastructure is to be irradiated, as is usually the case, then special care has to be taken to avoid damage to the normal eye. This complicates technique but is not an insoluble problem. The basic problem in connexion with radiotherapy is the known adverse effect of bone invasion on tumour response. Once cancer has invaded bone the chances of cure by radiation are much diminished. It is possible to cure cancer of the upper jaw by radiation alone as long as the bone involved is either mucoperiosteal or thin and cancellous in character. If compact bone is involved then osteitis and sequestration are inevitable and tumour sterilization unlikely.
Because of the limitations of both surgery and radiotherapy, it is obvious that some combination of the two is necessary. The combination that seems to be best and is recommended is radiation followed by surgery. The purpose of pre-operative radiation in these circumstances is to reduce the bulk of the tumour and the viability of its cells so as to assist the surgical act and reduce the risk of post-operative recurrence. In practice a full course of telecobalt treatment is given to the whole of the upper jaw including the orbit prior to operation, i.e. 6,000 rads in six weeks. There is no need to reduce the dosage even though it is pre-operative in purpose since the problems of post-operative healing and restoration of function are minimal when compared with similar problems encountered in the postradiation surgery of the upper alimentary and respiratory tracts. An important further advantage of full dosage is the vital need to control neoplasm in the suprastructure which cannot be adequately removed by surgery.
There is one important contraindication to pre-operative radiation for carcinoma of the upper jaw, and that is involvement of the malar bone which is the most compact of the facial bones entering its formation. Clinical and radiological evidence of invasion of the orbital floor and malar bone lateral to the infraorbital canal should be regarded as an indication for surgery prior to radiotherapy. The surgery undertaken should not be radical in character at this stage since all that is required prior to radiation is a 'toilet' operation, i.e. removal of the diseased orbital plate and malar bone as far as its junction with the healthy zygoma. Whether this be done through a fenestral opening in the hard palate or an extended Caldwell-Luc operation is a matter for the individual surgeon to decide. Immediately after this preliminary operation the patient should receive a full course of radiation and then be submitted to the appropriate post-radiation surgery.
The approach to treatment outlined above clearly applies to the common carcinomata arising in the upper jaw and may require modification according to the extent of the local disease and the presence of lymph-node metastases. Post-radiation surgery may have to be omitted when the local disease is very advanced and inoperable or when the patient is very elderly and unsuitable for operation. Fortunately, as the incidence of lymph node metastases is small (Tables 2-4) , the neck may be left untreated in the absence of clinically detectable nodes. When nodes are palpable and operable they are treated pre-operatively and simultaneously with the primary lesion and block dissection subsequently performed. Inoperable nodes are treated palliatively.
Other modifications in treatment may be necessary according to the histology of the tumour treated. Thus the sarcomas of lymphoid tissue are entirely radiation problems, whereas the tumours arising from the mesodermal connective tissues such as the fibro-, chondro-, or osteosarcomata are mainly surgical problems. It is our custom to advise pre-operative radiotherapy for the ectopic tumours of salivary gland type, whereas the malignant melanoma should be treated by radical surgery if possibleif not, a pre-operative course of radiotherapy is nearly always worth while.
The Clinical Material (Table 5) During the period 1933-67 some 715 tumours of the upper jaw were seen in the Radiotherapy Department of The Royal Marsden Hospital. The material is selected in the sense that the patients were referred for a particular method of treatment, namely radiotherapy, and from an epidemiological and statistical point of view also labours under the additional disadvantage of being largely a personal series of cases. Table 6 illustrates the distribution of the material according to site and by age, sex and side. During the period in question there were 4 tumours included among the nasopharyngeal cases that probably had their origin in the sphenoidal sinus. When considering the upper jaw in relation to its tumours, as Table 7 shows, the mesodermal components of the jaw were only occasionally the source, whereas the mucous membrane lining its air spaces, i.e. the nasal fossa and paranasal sinuses, is the commonest source of origin of its tumours. These latter tumours, although variable in site incidence and frequency, are nevertheless comparable in histology and their natural history is largely governed by their topography.
Results (Table 8) The time period covered by this series of cases is extremely long (1933-67) and treatment has obviously been influenced by the natural progress of surgery and radiotherapy and also fashion and the facilities available at the time.
Until 1945 the majority of patients were treated by palatal fenestration and intracavity radium application or by teleradium therapy using either a I or 5 g radium source at very short radium/skin distances. After 1945 220 kV X-rays were used and occasionally 2 MeV X-rays. Kilocurie cobalt sources and linear accelerators have been available only in very recent years. The quality of the material has been so poor that there has been little scope or indication for radical surgery. Until the advent of the antibiotic era very few maxillectomies were performed; but with increasing advances in surgery so the more extensive operations on the jaw and orbit have been used as the occasion demanded.
The results show quite clearly their dependence on the histological type of the tumour being 
